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ABSTRACT: Eucalyptus plantation in Brazil is generally set on low fertility soils, therefore phosphorus
(P) fertilization is mandatory and increases the cost of plantation operation. Using species that more
efficiently uptake phosphorus from less soluble sources is an interesting option. However, little is known
about eucalyptus regarding its ability of using less soluble forms of phosphorus. The use of P by eucalyptus
(E. urophylla, E. grandis, and E. urophylla × E. grandis) was studied in greenhouse using a loamy-textured,
hipodystrophic Typic Haplustox from the Cerrado region, and 32P isotopic method. The P sources tested
were triple superphosphate (TSP), phosphate rock (PR) and the triple superphosphate mixed with PR
(TSP+PR). The effectiveness of P sources in terms of increasing dry matter yield was TSP = (TSP + PR)
> PR, and the P uptake followed the order (TSP + PR) > TSP > PR for both species plus the hybrid. The
increase in P uptake from PR due to TSP influence was 217.3% for E. urophylla, 235.7% for E. grandis,
and 28.7% for E. urophylla × E. grandis, indicating an enhancement effect of TSP on the effectiveness of
PR. The hybrid E. urophylla × E. grandis was the most efficient genotype on P soil use and E. grandis
most exigent in P fertilizer.
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MELHORANDO A DISPONIBILIDADE DE FÓSFORO DA
ROCHA FOSFÓRICA DE PATOS PARA EUCALIPTO:
UM ESTUDO COM RADIOTRAÇADOR 32P
RESUMO: Como geralmente os solos usados para plantações de eucalipto no Brasil são de baixa fertilidade,
a adubação fosfórica é indispensável, incrementando o custo da plantação. Espécies mais eficientes no uso
de fósforo (P) de fontes pouco solúveis poderiam ser uma opção interessante. Porém, pouco se conhece
ainda sobre o comportamento de eucalipto em relação à capacidade de usar fósforo de fontes com diferente
solubilidade em água. O uso de P por eucalipto (E. urophylla, E. grandis, and E. urophylla × E. grandis),
foi estudado em experimento de casa de vegetação usando solo da Região de Cerrado, Latossolo Vermelho
Amarelo hypodistrófico, e o método isotópico com 32P. As fontes de P usadas foram superfosfato triplo
(SFT), rocha fosfórica (RF) e a mistura de superfosfato triplo com rocha fosfórica (SFT+RF). A eficácia
das fontes de P em termos do aumento do rendimento de matéria seca seguiu a ordem SFT = (SFT + RF)
> RF e de P absorvido a ordem (SFT + RF) > SFT > RF por ambas as espécies e o híbrido de eucalipto. O
incremento na absorção de P de RF, influenciada pela mistura com SFT foi de 217,3% em E. urophylla,
235,7% em E. grandis e 28,7% em E. urophylla × E. grandis, indicando o efeito benéfico do SFT sobre a
efetividade da RF. O híbrido E. urophylla × E. grandis foi o genótipo mais eficiente no uso de P do solo e
E. grandis o mais exigente em P do fertilizante.
Palavras-chave: valor L, fontes de fósforo, radioisótopo
INTRODUCTION
Eucalyptus plantations for cellulose, wood,
charcoal, sawbuck, and essential oils production in
Brazil exceeds 2.5 million hectares (ABRACAVE,
2001). Most of this area is in the savanna region, where
soils are generally infertile, have low base saturation,
high aluminum saturation, and are highly acidic. The
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eucalyptus production is impaired under these condi-
tions by soil P deficiency, due to low availability and
high P fixation capacity of these soils (Sanchez & Sali-
nas, 1981). Phosphorus fertilization is necessary for
eucalyptus plantations in this scenario and increases
the cost for installation and handling of plantations.
The large, initial phosphorus demand by eucalypts jus-
tify the amounts of soluble P fertilizer recommended
(Barros et al., 1990).
Phosphate rock (PR) application is an interest-
ing, low-cost phosphorus source option, especially in
areas close to mines (Barros & Novais, 1996). For soils
with low P availability or high phosphorus-fixing ca-
pacity, broadcast application of PR associated with lo-
calized addition of soluble P sources is recommended
to improve and maintain eucalyptus productivity
(Barros & Novais, 1996). However, little is known
about the eucalyptus species regarding its usage of
water-insoluble P sources, directly applied or mixed
with soluble sources. On the other hand, using water-
insoluble P sources for plants adaptated to low fertil-
ity soils and which absorb less available P, may result
in higher profits for small farmers.
The 32P method has been shown to be better
than conventional methods to evaluate and compare
species in relation to P absorption from different
sources (Hocking, 1980; Muraoka, 1991; Zapata &
Axmann, 1995; Chien et al., 1996; Fernandes &
Muraoka, 2002). The objective of this study was to
evaluate P absorption and utilization by two eucalyp-
tus species and their hybrid. Low solubility P source
applied alone or mixed with triple superphosphate
(TSP) were evaluated using the radiotracer 32P
method.
MATERIAL AND METHODS
The soil used was a loamy-textured, typic
Haplustox with natural vegetation at Planaltina de
Goiás, State of Goiás, Brazil, an area within the Bra-
zilian central “Cerrado” (15º14' S, 47º42' W, altitude
826 m). The soil was collected at the 0-20 cm layer,
air-dried, homogenized and sieved through a 4 mm
screen for pot experiments, and 2 mm screen for analy-
sis. The main soil chemical and physical properties
were analyzed according to standard analytical meth-
ods recommended by Camargo et al. (1986); and Raij
et al. (1987) and were: pH (CaCl2 0,01 mol L
-1) = 4.12;
organic matter = 22.55 g dm-3; P resin = 5.40 mg dm-3;
K = 1.60 mmolc dm
-3; Ca = 1.49 mmolc dm
-3; Mg =
1.51 mmolc dm
-3; H + Al = 65.81 mmolc dm
-3; CEC =
70.41 mmolc dm
-3; sum of bases = 4.60 mmolc dm
-3; V
(base saturation) = 6.50%; sand = 276 g dm-3; silt =
324 g dm-3, and clay = 410 g dm-3.
Two eucalyptus species (E. urophylla, E.
grandis), and the hybrid (E. urophylla × E. grandis),
cultivars commonly grown in Brazil, were used in the
experiment. Seed was supplied by the “Departamento
de Ciências Florestais” (USP/ESALQ), Piracicaba, SP.
Studied P sources were triple superphosphate
(TSP) and Patos de Minas (Brazil) PR, both finely
ground (0.15 mm or 100 mesh), and TSP mixed with
PR. For each cultivar, four treatments were estab-
lished: 1) reference or standard (without P); 2) 100
mg dm-3 P as TSP; 3) 400 mg dm-3 P as PR; and 4)
50 mg dm-3 P as TSP + 400 mg dm-3 P as PR. The
experiment was set in a 3 × 3 complete factorial
scheme (3 cultivars and 3 P sources more one refer-
ence/standard), completely randomized block design
(n = 3). Characteristics (total P, soluble P in neutral
ammonium citrate, citric acid and water) of P sources
used are listed in Table 1.
Plants were grown in plastic pots lined with
polyethylene bags and filled with 1 dm-3 of soil. The
isotopic, indirect approach was used to assess the P
availability from the P sources (Muraoka, 1991; Zapata
& Axmann, 1995; Chien et al., 1996). An aliquot of
100 mL solution containing 3.7 MBq 32P per pot was
added to soil to obtain sufficient activity in the plant
material, and was left drying for two days. The 32P-la-
belled carrier solution was prepared by adding the to-
tal activity required for the experiment as 32P carrier-
free to KH2PO4 carrier solution with 50 mg L
-1 P. The
soil in pot was incubated by seven days, keeping the
soil moisture to 70% of the field capacity after receiv-
ing the phosphate source, 55 mg dm-3 of N as urea, 52
mg dm-3 of K as K2SO4, and calcium and magnesium
mixtures (carbonates) in the 4:1 proportion. Calcium
and magnesium carbonates were supplied as calcium
and magnesium sources rather than for pH amendment,
hence eucalypts are seemingly tolerant to aluminum
and low soil pH (Barros & Novais, 1996).
Sixty-five day old seedlings, grown in washed-
sand, of each eucalyptus species plus the hybrid were
transplanted to each pot. Five days later, pots were
thinned to three seedlings and soil moisture content
Table 1 - Characteristics of P sources used.
PNAC = P soluble in neutral ammonium citrate; PCA = P soluble in
citric acid 2% and PH2O
 = P soluble in water.
ecidnI PST RP
-----------------%-----------------
PlatoT 56.91 40.01
P CAN 12.91 66.0
P AC 74.71 57.1
PH2O 00.78 -
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was maintained to 70% of the field capacity. A micro-
nutrient solution (Sarruge, 1975) containing Mn, Fe,
Cu, Zn, B, and Mo, was added to each pot (15 mL)
when the plants were two, four, and six weeks old.
Harvesting was done by cutting the above-
ground part of the plants, 55 days after planting. Plant
samples were washed with deionized water, oven-dried
at 70°C and weighed. The dried plant material was
ground in a Wiley mill, digested in a nitro-perchloric
acids, and the P concentration determined using the
ammonium molybdate method (Bataglia et al., 1983);
the 32P activity was determined with the Cerenkov ef-
fect in a Liquid Scintillation counter, whit quenching
correction by channel relation (Nascimento Filho &
Lobão, 1977).
Based on the isotopic dilution method, the pro-
portion of P in plants from soil, TSP, and PR were cal-
culated according to Muraoka (1991), Zapata &
Axmann (1995), and Chien et al. (1996). The fractions
of TSP and PR from (TSP + PR) treatment were cal-
culated as follows:
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where: FPsoil (TSP + PR) = fraction of P uptake from soil
in (TSP+PR) treatment; SAp(TSP + PR) = specific activity
of P in plants (cpm mg-1 P) from (TSP + PR) treatment;
SAp(standard) = specific activity of P in plants (cpm mg
-1
P) from reference/standard treatment; FP(TSP + PR) = frac-
tion of P uptake from TSP and PR by plants in (TSP
+ PR) treatment; Psoil (TSP + PR) = P uptake from soil by
plants in (TSP + PR) treatment; P(TSP + PR) = P uptake
from TSP and PR by plants in (TSP + PR) treatment;
Pp(TSP + PR) = P total in above ground-part of plants of
(TSP + PR) treatment;
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where: FP(soil + PR) = fraction of P uptake from soil and
PR by plants in (TSP+PR) treatment; SAp(soil + PR) = spe-
cific activity of P in plants (cpm mg-1 P) from (PR)
treatment; FPTSP (TSP + PR) = fraction of P uptake from
TSP by plants in (TSP + PR) treatment; P(soil+PR) = P
uptake from soil and PR by plants in (TSP + PR) treat-
ment; PTSP (TSP + PR) = P uptake from TSP by plants in
(TSP + PR) treatment; and
)()()( PRTSPsoilPRsoilPRTSPPR PPP +++ −=  ([7] – [3])
 [9]
where: PPR(TSP+PR) = P uptake from PR by plants in (TSP
+ PR) treatment
RAE (%) (Relative agronomic efficiency)
The RAE was calculated as:
100(%)
2
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where: Y1 is the dry matter yield or P uptake in PR or
(TSP + PR) treatments; Y2 is the dry matter yield or P
uptake in TSP treatment; Y0 is the dry matter yield or
P uptake in standard treatment (without added P).
All data were submitted to analysis of variance
(F test) followed by Tukey’s test (α = 0.05) for mean
comparison using the SAS system software (SAS,
1996).
RESULTS AND DISCUSSION
Dry matter yield and P uptake were signifi-
cantly increased by P application (Tables 2 and 3). The
low dry matter yield and P uptake in both species and
the hybrid in the standard treatment without P addi-
tion indicate very low P availability in the soil, and
eucalypt sensitivity to deficiency of P in the soil.
The effectiveness of P sources in increasing
dry matter yield and P uptake followed the order (PR
+ TSP) = TSP > PR for both species and the hybrid,
and the increasing P uptake was (PR + TSP) > TSP >
PR. The hybrid E. urophylla x E. grandis had the high-
est dry matter yield and P uptake from all P sources.
The lower dry matter yield and P uptake of PR
resulted from its lower solubility (Table 1). The “Patos
de Minas” PR utilized in this work has low reactivity
and solubility in water, with P in the form of fluor-car-
bonate-apatite or a mixture of fluorapatite and carbon-
ate-apatite (Marciano et al., 1990). The solubility of
this PR is facilitated by isomorphic substitution of
phosphate by carbonate or fluorine in its structure
(Khasawneh & Doll, 1978). On the other hand, low ef-
ficiency of PR in acid and loamy soils with low avail-
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able P is due to reactions of adsorption and fixation
of P, limiting the use by plants (Novais & Smyth,
1999).
The RAE in dry matter yield (Table 4) in-
creased from 19% with PR to 96% with (TSP + PR)
in E. urophylla, and from 27% with PR to 103% as
average to E. grandis and E. urophylla x E. grandis
with (TSP + PR).
The P uptake increased from 35%, 50% and
39% with PR to 148%, 167% and 137% with (TSP +
PR) in E. urophylla, E. grandis and E. urophylla x E.
grandis, respectively. The RAE of PR and (TSP + PR)
was higher for E. grandis than E. urophylla and E.
urophylla x E. grandis. The acidification in the rhizo-
sphere environment by the exudation of organic acids,
together with higher root development, could be
mechanisms for the genotypic difference in P uptake
from different P sources (Bekele et al., 1983). A greater
response of E. grandis seedlings to high P levels and
use of P fertilizer among five other eucalypt species
was reported by Furtini Neto et al. (1996).
The P uptake from TSP and PR in treatments
they were applied alone (Table 5) was calculated from
the FPdfTSP (fraction of P in plant derived from TSP),
and FPdfPR (fraction of P in plant derived from PR)
according to Muraoka (1991), Zapata & Axmann
(1995), and Chien et al. (1996). The P uptake from
each P source (PTSP(TSP+PR) and PPR(TSP+PR)) in the (TSP +
PR) treatment (Table 5), was calculated from de frac-
tions FPTSP(TSP + PR), equations [6] and [8], and FPPR(TSP
+ PR) , equations [3], [7] and [9]. The P uptake from PR
in the presence of TSP was higher than that from PR
alone. Thus, P uptake from PR was enhanced when
applied with TSP. The increase in P uptake from PR
due to TSP was 217.3% for E. urophylla, 235.7% for
E. grandis and 28.7% for the hybrid.
Three major causes may explain this behavior
of the eucalyptus seedlings and enhance of the P up-
take from PR: a) the partial solubilization of the PR
by the acidity of the TSP; b) the “priming effect” of
the TSP increased the development of seedling root
and enabled the plant to use P from PR more effec-
tively than it could with PR alone; c) higher rate of P
in the (TSP + PR) treatment in relation to others treat-
Table 2 - Above ground dry matter weight of two eucalyptus species and the hybrid as affected by different P sources.
*Values followed by the same letters (capital letter in columns between species, and lower case letter in row between P source) do not
different (P < 0.05) by Tukey multiple range test.
seicepS dradnatS PST RP )RP+PST(
topg--------------------------------------------- 1- --------------------------------------------
allyhporu.E *bA090.0 aB85.2 cC75.0 aB94.2
sidnarg.E cB560.0 aB74.2 bB47.0 aB06.2
dirbyH cA580.0 aA41.3 bA19.0 aA02.3
Table 3 - Phosphorus taken up by two eucalyptus species and the hybrid as affected by different P sources.
*Values followed by the same letters (capital letter in columns between species, and lower case letter in row between P source) do not
differ (P < 0.05) by Tukey multiple range test.
seicepS dradnatS PST RP )RP+PST(
topgm------------------------------------------- 1- -------------------------------------------
allyhporu.E *dA240.0 bB19.2 cB60.1 aB92.4
sidnarg.E dB520.0 bB57.2 cA34.1 aB85.4
dirbyH dA050.0 bA10.4 cA06.1 aA05.5
seicepS P PST P RP P RP )RP+PST( P )RP+PST(PST
topPgm----------------- 1- ----------------
allyhporu.E *aB31.2 cB96.0 aB91.2 bB12.1
sidnarg.E bA45.2 cA32.1 aA31.4 dC11.0
dirbyH bC04.1 dB08.0 cC30.1 aA81.2
Table 5 - P uptake by two species of eucalyptus and the
hybrid from TSP and PR applied alone or
together with TSP.
*Values followed by the same letters (capital letter in columns
between species, and lower case letter in row between P source)
do not differ (P < 0.05) by Tukey multiple range test.
seicepS
dleiyrettamyrD ekatpuP
RP )PST+RP( RP )RP+PST(
------------------%EAR------------------
allyhporu.E 91 69 53 841
sidnarg.E 72 501 05 761
dirbyH 72 201 93 731
Table 4 - Relative agronomy effectiveness (RAE) for dry
matter yield and P uptake obtained with various
P sources.
PR = phosphate rock; TSP = triple superphosphate
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ments. E. grandis was the eucalyptus specie with
higher use of P from PR and TSP as is shown by the
RAE%. This specie of eucalyptus was the most respon-
sive to high rate of P applied among five other spe-
cies (Furtini Neto et al., 1996).
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